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(57) [Abstract] 

[Problems to be Solved by the Invention] 

At time of connecting with core of optical waveguide and 
optical waveguiding layerof round or elliptical, connection 
loss is decreased. 

[Means to Solve the Problems] 

bottom cladding layer 18 which is provided in topside of 
substrate 12 by providing the slot 36 in surface of substrate 12 
of optical waveguide 28, becomes structure whichpossesses 
cavity 38 of valley condition which parallels to the slot 36 in 
surface. 

Furthermore, core underside portion (portion which opposes 
with bottom cladding layer 1 8 of core 22 ) becomes curved 
surface which reflects shape of cavity due to fact that core is 
provided alongside the cavity 38 of valley condition. 
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With that, connection loss is decreased in difference of shape 
of core 22 of optical waveguide 28 and optical waveguiding 
layer of round or elliptical which isconnected to optical 
waveguide 28. 

In addition, when optical fiber 48 is connected, with 
above-mentioned slot 36 as optical fiber mount slot by fact 
that it uses, core 22 of optical waveguide 28 and core 50 of 
optical fiber 48, you can do to self-aligning the alignment, can 
decrease connection loss. 



Claims 

i] 
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[Claim(s)] 
[Claim 1] 

In optical waveguide which possesses bottom cladding layer, 
core and upper part cladding layer in topside of substrate, 

Being provided in surface of aforementioned substrate, slot 
which is position of underside of aforementioned core and, 

In surface of aforementioned bottom cladding layer, is 
provided in valleycondition alongside said slot cavity which 

We have possessed, 

Aforementioned core to be provided in ridge condition 
alongsideaforementioned cavity, 

It is a curved surface to which aspect of underside which 
opposes, with theaforementioned bottom cladding layer of 
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said core reflects aforementioned cavity and optical 
waveguide Q which is made feature 

[Claim 2] 

In optical waveguide which is stated in Claim 1 , 

portion which opposes, with aforementioned upper part 
cladding layer of theaforementioned core from 
aforementioned bottom cladding layer is mesa shape of the 
point in direction of aforementioned upper part cladding layer 
and optical waveguide c which is made feature 

[Claim 3] 

In optical waveguide which is stated in Claim 2 , 

optical waveguideo where tip angle section of point of 
aforementioned core has become gentle curved surface and 
makes feature 

[Claim 4] 

In optical waveguide which is stated in any one of Claim 1-3, 

With cross section of aforementioned core in extension 
direction of said core as for shape of perpendicular cross 
section, said cross section and stacking and, repeatingkind of 
this said true circle which surface area of portion which is not 
piled upbecomes minimum, with said cross section with true 
circle which causes the portion which is not piled up with 
portion which is agreeable when youthought, sum of surface 
area of portion which is not piled upwith said cross section 
and said true circle, optical waveguide Q which it makes 
shape which becomes 14% even with the maximum of entire 
surface area of said true circle and makes feature 

[Claim 5] 

In optical waveguide which is stated in any one of Claim 1-4, 

optical waveguide 0 where any one of aforementioned core 
and theaforementioned bottom and upper part cladding layer 
or both parties become and,including silicon oxide, make 
feature 

[Claim 6] 

In optical waveguide which is stated in any one of Claim 1-4, 

optical waveguide 0 which designates aforementioned slot as 
slot formount of optical fiber and makes feature 

[Claim 7] 

On said substrate which includes first step e said slot which 
forms slot in the surface of substrate, second step© which 
forms this said bottom cladding layer which possesses cavity 
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of valley condition which parallels to theaforementioned slot 
in surface of bottom cladding layer 

On said bottom cladding layer, third step Q which forms core 
layer 

4 th step 0 which form core of ridge condition which parallels 
to cavity of aforementioned valley condition by etching doing 
theaforementioned core layer 

In order to cover aforementioned bottom cladding layer and 
aforementioned core, manufacturing method 0 of optical 
waveguide which includes 5 th step which form the upper part 
cladding layer and makes feature 

[Claim 8] 

In manufacturing method of optical waveguide which is stated 
in Claim 7 , 

Aforementioned 4 th step after forming resist pattern for core 
formation in upper surface of aforementioned core layer, are 
step which forms the core of mesa shape of point making use 
of resist pattern for said core formation,by anisotropic etching 
doing aforementioned core layer, from aforementioned 
bottom cladding layer destined for upward direction and 
manufacturing methodo of optical waveguide which is made 
feature 

[Claim 9] 

In manufacturing method of optical waveguide which is stated 
in Claim 8 , 

Aforementioned 4 th step in order to become curved surface 
where the tip angle section of said mesa shape is gentle after 
removing resist pattern for theaforementioned core formation 
vis-a-vis aforementioned core of theaforementioned mesa 
shape, by doing isotropy etching, are step which isformed and 
manufacturing methodo of optical waveguide which is made 
feature 

[Claim 10] 

In manufacturing method of optical waveguide which is stated 
in Claim 7 , 

any one of aforementioned core layer and cladding layer 
(Aforementioned bottom cladding layer and aforementioned 
upper part cladding layer ) or both parti esare formed as layer 
which includes silicon oxide due to chemical vapor deposition 
method which uses triethoxysilane (Triethoxysilane ) for 
starting material gas manufacturing methodo of optical 
waveguide which is made feature 



[Description of the Invention] 
[0001] 
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[Technological Field of Invention] 

This invention optical waveguide, especially, regards optical 
waveguide and its manufacturing method which are superior 
in conformity of optical fiber. 

[0002] 

[Prior Art] 

From until recently, it is utilized optical waveguide as optical 
splitter andthose which form optical switch or other lightwave 
circuit. 

[0003] 

It precedes explanation of this invention, it explains 
concerning flame hydrolysis deposition technique which is a 
manufacturing method of optical waveguide which is done 
from untilrecently. 

manufacturing method which combines formation and 
reactive ion etching of glass film with flame hydrolysis 
accumulation (Below Flame Hydrolysis deposition FHD it 
abbreviates simply. ), is disclosed in literature I (planar 
lightwave circuit technology NTT R&D Vol.40, No. 2, 1 
99 U 19th 9-204 page). 

[0004] 

It is a production process diagram where Figure 10 is 
disclosed in literature I, offers to theexplanation of 
conventional manufacturing method of quartz-based optical 
waveguide. 

[0005] 

First, hydrolysis doing tetrachloride silicon etc in acid 
hydrogen flame of acid hydrogen burner 10, itaccumulates 
silicon oxide microparticle which it acquires, on silicon wafer 
or other group board 12. 

Accumulating glass fine particle layer 14 which becomes 
bottom cladding layer first, continuously itaccumulates glass 
fine particle layer 16 which becomes core layer. 

At that occasion, index of refraction of core because it is 
necessary tomake high somewhat in comparison with index of 
refraction of cladding layer, to make germanium etc glass fine 
particle layer 16 include which becomes core layer is good 
and,or to make substance include which makes index of 
refraction low in glass fine particle layer 14 which becomes 
bottom cladding layer it is good, (Figure 10 (A )). 

[0006] 

In order transparent vitrification to do glass fine particle layer 
1 6 which becomes glass microparticle 1 4 and the core layer 
which next, were accumulated on substrate 12, become 
bottom cladding layer, at electric furnace middle class is 
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heated with high temperature (Approximately 1 200 deg C ). 

With this heat treatment , respective glass fine particle layer, 
changes from to bottom cladding layer 1 8 and core layer 20, 
(Figure 10 (B )). 

[0007] 

Consequently, etching is done in order to process core layer 
20 afterforming resist pattern with photolithography , making 
use of reactive ion etching method etc. 

With this etching , as in figure rectangular or core 22 
whichpossesses cross section shape which is close to 
rectangular is formed (Figure 10 (C )). 

[0008] 

In order next, to cover core 22 and bottom cladding layer 18 
with theaforementioned FHMethod D , glass fine particle 
layer 24 which becomes upper part cladding layer is 
accumulated(Figure 10 (D )). 

[0009] 

Lastly, glass fine particle layer 24 which becomes upper part 
cladding layer, in same way as thedescription above, at 
electric furnace middle class is heated with high temperature. 

With this heat treatment , glass fine particle layer 24 which 
becomes upper part cladding layer becomes upper part 
cladding layer 26,(Figure 10 (E )). 

[0010] 

By step above, optical waveguide 28 is formed. 
[0011] 

In addition, as for optical waveguide which is utilized from 
until recently,in typical like above-mentioned optical 
waveguide, bottom cladding layer is provided in topside of 
planar substrate. 

In order and, for side wall of thing and core where core 
isprovided in topside of planar bottom cladding layer to 
become vertical, in order for cross section of core to have 
become rectangular by fact that the anisotropic etching it is 
done, to cover core and bottom cladding layer it has structure 
where upper part cladding layer is provided. 

[0012] 

In addition, there was a kind of method which is disclosed in 
literature II (With electrostatic drive optical fiber alignment 
mechanism* i 99 1 Institute of Electronics, Information and 
Communications Engineers Fall meeting lecture abstracts* 
C- 1 60* 4th- 1 90 page ) as this kind of optical waveguide and, 
conventional connecting method of optical fiber. 
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[0016] 



*<Dck5ic3fea)ttttaiffe*««r*ci:i4-e* 

[0017] 



When it summarizes simply, forming V groove which utilizes 
(111) face of silicon wafer, next, in V groove and sheath of 
optical fiber providing electrode, by fact that applying it does 
voltage,moving optical fiber to 2 dimensional in those 
electrode it is a mount method thatit does alignment. 

[0013] 

[Problems to be Solved by the Invention] 

By way, transport loss of light is decreased is desired in the 
optical transmission system etc which is formed with optical 
fiber and optical waveguide etc anabove-mentioned way. 

It has become cause whose connection loss of light in the 
connector of optical fiber and optical waveguide transport loss 
is large. 

[0014] 

With a leak of light from non- abuting aspect which with a 
leak oflight where connection loss slips and, angle of optical 
axis ofrespective core of optical fiber and optical waveguide 
or originates in the positional deviation it occurs inevitably 
from difference of shape of the endface of first loss and those 
core second loss and, Dividing into 3 kinds of loss of third 
with mode conversionwhich originates in difference of cross 
section shape of those core, youthink, it is possible . 

[0015] 

At time of connecting with optical waveguide and optical 
fiber possesses the core of cross section shape of rectangular 
an above-mentioned way of round which which is widely 
used generally, connection loss oflight of thiskind of first x 
second and third occurs due to difference of shape of endface 
of core. 

[0016] 

In addition, there is a transmission of both directions which is 
a transmission and a both directions of single direction where 
transmission direction oflight signal is one direction in the 
light transport . 

endface of core of output side, has decreased loss of the first 
and second as shape and size which include endface of core of 
input side completely, usually, regarding transmission of 
single direction. 

But, in order light signal propagation to do in both directions 
different fromcase of single direction regarding transmission 
of both directions,, that way itis not possible to decrease 
connection loss oflight. 

[0017] 
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Therefore, it does not depend on single direction or both 
directions, causesabove-mentioned first loss is many , at same 
time also lossof above-mentioned third is easy to occur. 

In addition, in case of especially both directions second loss is 
caused, wasmany . 

When as for optical fiber cross section shape of core is used 
connects those of round widely, with that kind of optical fiber 
and conventional optical waveguide which thedescription 
above is done, being a rectangular on one hand, is at 
sametime because another becomes round. 

That way loss of first > second and third an above-mentioned 
way with differenceof cross section shape of core of both, was 
pulled up. 

[0018] 

Because with for example conventional optical waveguide, 
cross section of core of optical waveguide was the 
rectangular, abuting those core in maximum at time of 
connectionwith optical fiber which possesses core of cross 
section shape of perfectly round,for, entire surface area of 
perfectly round of sum total of surface area of non-,abuting 
aspect ratio, had become large in comparison with 1 8.34%. 

As for this ratio, you think that extent of second loss has 
beenshown at time of connection with optical fiber which 
possesses the cross section shape of perfectly round, it is 
possible . 

[0019] 

On one hand, when optical fiber is connected to optical 
waveguide, as mentionedearlier, there is a alignment 
mechanism with electrostatic drive. 

Regarding this conventional conjunctive, mount of optical 
fiber of high precision is possible, but mass productivity was 
low with complexity of formation process. 

Because it is necessary to do centering on that and after 
forming, itwas insufficient in practicality . 

[0020] 

Therefore, from until recently, it depended on difference of 
the cross section shape and any one of loss of second and 
third which it occurs or optical waveguide which decreases 
both parties was desired. 

In addition, optical waveguide where connection which 
decreases first loss which it occurs from gap of alignment of 
core ispossible was desired. 

[0021] 

[Means to Solve the Problems] 
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In order to achieve this objective, being provided in surface of 
theafore mentioned substrate according to optical waveguide 
of this invention, in the optical waveguide which possesses 
bottom cladding layer % core and upper part cladding layer in 
topside of the substrate, in surface of slot and aforementioned 
bottom cladding layer which isposition of underside of 
aforementioned core, We have possessed cavity which is 
provided in valley conditionalongside slot, aforementioned 
core is provided in ridge condition alongside cavity, it is a 
curved surface to which aspect of underside which opposes, 
with bottom cladding layer of core reflects the cavity, makes 
feature. 

[0022] 

optical waveguide of this kind of constitution is acquired by 
manufacturing method whichis stated below for example . 

[0023] 

According to manufacturing method of optical waveguide of 
this invention, on surface of substrate which includes slot of 
first stepo which forms slot in surface of substrate, on bottom 
cladding layer of second stepo which forms the this said 
bottom cladding layer which possesses cavity of valley 
condition whichparallels to slot in surface of bottom cladding 
layer, in etching doing core layer of third step e which forms 
core layer depending, In order to cover bottom cladding layer 
and its core of 4 th step e which form the core of ridge 
condition which parallels to cavity ofaforementioned valley 
condition, 5 th step which form upper part cladding layer 
areincluded, it makes feature. 

[0024] 

Furthermore, core of ridge condition, core being installedin 
topside of bottom cladding layer, it points to those which 
reach optical waveguiding layerof wire. 

[0025] 

According to optical waveguide and its production method of 
this kind of constitution,from fact that slot is provided in 
surface of substrate, asfor core which bottom cladding layer 
which is provided on substrate haspossessed cavity of valley 
condition alongside slot, becauseof that is provided alongside 
topside of cavity of valleycondition, In order for core 
underside portion (At portion of core, you follow, this 
definition below portion which at same time opposes with 
bottom cladding layer ) to become curved surface, it is 
provided. 

Therefore, when you call to cross section shape * or typical 
of optical waveguiding layer ofthis optical waveguide and 
connection schedule, because optical waveguide which 
possesses core of cross section shape which is closer to cross 
section shape of core of optical fiber which possesses cross 
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■M«©37t»*'#'«xatr4©36«ftL^. 

[0029] 
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[0030] 

(4. **fe>^&aat&'oTi^©A<fii^ 



[0031] 

3i(7)>+i-^tt©fi2n©zi7ic^Lr , *ra©3 

7»I*JHU5>XM*— >*Ifc*Lfc©%, ^£ 



section shape of circle or ellipse, can beacquired, because 
difference of shape of endface of the namely, core can be 
eased, Loss of third is decreased with mode conversion to 
bepossible, or furthermore, second loss can be decreased. 

[0026] 

More ideally, according to optical waveguide of this 
invention, when portion (Below, core upper side amount there 
are also times when it abbreviates. ) which opposes, with 
aforementioned upper part cladding layer of aforementioned 
core from aforementioned bottom cladding layer is mesa 
shape of point indirection of upper part cladding layer it is 
good. 

[0027] 

Furthermore, core of mesa shape, perpendicular cross section 
shape, is those like the for example trapezoid in extension 
direction of core. 

[0028] 

optical waveguide of this kind of constitution is produced, it 
is good to make step which forms core of mesa shape of point 
preferably s aforementioned 4 th step, after forming resist 
pattern for core formation in the upper surface of 
aforementioned core layer, making use of resist pattern for 
core formation,by anisotropic etching doing core layer, from 
aforementioned bottom cladding layer destinedfor upward 
direction. 

[0029] 

According to this constitution, in order for core upper side 
amount to become mesa shape of point, because it is 
provided, because cross section shape of core, in cross section 
shape * or typical of optical waveguiding layer of this optical 
waveguide andconnection schedule furthermore it becomes 
close in shape of the core of optical fiber which possesses 
cross section shape of circle or ellipse, Loss of 
aforementioned third or furthermore second loss can 
bedecreased. 

[0030] 

More ideally, as for tip angle section of point of 
theaforementioned core, it is good to become gentle curved 
surface. 

[0031] 

Because of this, with aforementioned 4 th step, in order to 
become curved surface where tip angle section of mesa shape 
is gentle afterremoving resist pattern for aforementioned core 
formation vis-a-vis theaforementioned core of preferably* 
aforementioned mesa shape, by doing the isotropy etching, it 
is good to form. 
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[0032] 
[0033] 

i«ftyfcfrfci*»#£S±i:*KHrfcoT 
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[0034] 



fcfc*. t*i&a7H±a>*«*iBa)iii«a)tt 

[0035] 

±209ttft0ft*9ftR-eii< 370)»tt6<>i 
r^fcot, A*->fca)-2iA<Ra>flffilcKl£ 
«Ll*flffi£fcoTl**fc*K BEUlKIHLfctfc 
3fc0> 18.34%(0^Ea»O-|CfcfcS 4.56%{Cfc 

18.34-4.56=13.78%. «iy±lf T 14%A<. 3Effi£ 
[0036] 



[0032] 

According to this constitution, because it consists curved 
surface where tip angle section of core which is a mesa shape 
of point isgentle, cross section shape of this core, in shape of 
core of the optical fiber which possesses cross section shape 
of circle or ellipse, furthermorebecomes close in shape, 
typical of optical waveguiding layer of this optical waveguide 
and connectionschedule. 

Therefore, loss of aforementioned third, or furthermore 
decreaseof second loss is anticipated, it is possible . 

[0033] 

In addition, in optical waveguide which is explained here, 
with cross section ofaforementioned core in extension 
direction of core as for shape of perpendicular cross section, 
cross section and stacking and, repeating kind of this said true 
circle which surface area of portion which is not piled up 
becomes minimum,with cross section with true circle which 
causes portion which is notpiled up with portion which is 
agreeable when you thought, sum of surface area of portion 
which is not piled up with the cross section and true circle, 
making shape which becomes 14% even with the maximum 
of entire surface area of true circle is ideal. 

[0034] 

Furthermore, true circle referred to here, supposing core (In 
order below, to avoid confusion of core of optical waveguide 
and optical fiber, core of optical fiber, there are also times 
when optical fiber core it abbreviates simply. ) of the optical 
fiber of round, is hypothetical concept which it 
usesconveniently. 

As for that, when with optical waveguide and optical fiber 
which possesses the core of round or elliptical you connect, in 
order for those core to abut in maximum, when connecting, 
sum. of surface area of non- abutingaspect of those core 
namely it used as criterion which shows the extent of light 
leak in non- abuting aspect. 

[0035] 

With optical waveguide of above-mentioned constitution, 
shape of core being rectangular , because it becomes curved 
surface where at same time one edge is almost equal to curved 
surface of circle, non- abutingaspect which hits to 4.56% 
where it hits approximately to 1/4 of the conventional 18.34% 
which is already explained can anticipate can be decreased. 

Regarding optical waveguide of this constitution of namely,, 
18.34 - 4.56 =13.78%, closing, 14%, becomes maximum ratio 
for, surface area of the true circle of sum of surface area of 
non- abuting aspect. 

[0036] 
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[0037] 

«raa>a7i:«raa)T»^yKiifc *t; 

[0038] 

»<bS/ua>ii*<Dei«a*A</j^<, fccfct; 

-«ttlzffli^*iTt^**77-f/<-l*IHb*> 

[0039] 

(Triethoxysilane KIT TRIES fcBSffcf -SCirti 
y»<b2/Ua>*#t;Bli:Lr»jjt'r*tfi^. 



fflt^4»*|ZibK. tries £JBi**»£.*« 
[0040] 



This way, by fact that non- abuting aspect which originates 
indifference of shape decreases, a leak of light decreases, 
candecrease connection loss. 

In addition, because difference of cross section shape of core 
of the optical waveguide and optical waveguiding layer of 
optical fiber or other round or elliptical is eased, it is thought 
that it candecrease also connection loss with mode 
conversion. 

[0037] 

In addition, any one of aforementioned core and 
theaforementioned bottom cladding layer and upper part 
cladding layer or as for both parties,, it is moreideal to be 
formed making use of silicon oxide. 

Therefore, is good forming these core and each cladding layer 
with only the silicon oxide it is good forming and, or as one 
ingredient making silicon oxide include. 

[0038] 

As for silicon oxide propagation loss of light small, optical 
fiber where andgenerally is used has designated silicon oxide 
as main component. 

Therefore, as constituent material of optical waveguide, when 
silicon oxide is used,actualization of optical waveguide which 
decreases connection loss in the contact point of core of 
propagation loss and optical fiber and optical waveguide 
withabsorption of light inside core of optical waveguide 
becomes possible. 

Or, because from fact that fabrication technology of silicon 
oxide has advanced,compared to microscopic processing 
becomes possible, improvement of the general characteristic 
of optical waveguide is desired, it is possible . 

[0039] 

In addition, in this case, any one of preferably* 
aforementioned core layer and aforementioned bottom 
cladding layer and upper part cladding layer or both parties 
when itforms due to chemical vapor deposition method which 
uses triethoxysilane (TRIES below Triethoxysilane there are 
also times when it abbreviates. ) for starting material gas as 
thelayer which includes silicon oxide are good. 

When, monosilane etc is used for starting material gas with 
this constitution, whencomparing and TRIES are used, in 
substrate, being soon, the chemical reaction to become center, 
because reaction advances, intermediate product or other 
particle, tobecome difficult to mix in layer which is formed, 
because the propagation loss is decreased with those particle . 



[0040] 
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[0042] 

BIT, B*#JHLT* C<B»i8a>*l6a>0«Blc 
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[0043] 

B l~B 9 14. C<D*W(D3fc»»»a> jS«5<D» 

12 1(A)~B l(C)l4Z<DjBBB0)**i-Ptia)*SI 
B l(D)~B l(F)f4**ibE l(A)~B l(C)lc»L 
*i«*l-H i(A)~B i(C)lc»Jt-T4ElT* 



*fc,B 2 [4C<DflSH<&3tt»«tt£*7W/< 
-t(D«*«t»Wr4B-C. B2(A)l4S*in 

<D*aia»s*"r»aB.fc*tfB 2(B>i4* 



fc/£U B 2 lcfcl>T, 3fc*afi»a>a70>Bni 
®tt£E l(A)l::*Lfc3ft»»»<Da7£LT3F 



In addition, when, aforementioned slot of above-mentioned 
optical waveguide is designated as slot for optical fiber 
mount, it is ideal. 

[0041] 

According to optical waveguide of this constitution, it uses 
slot whichwith substrate surface is provided in underside of 
core as slot for optical fiber mount. 

With that, in order core of optical waveguide and optical 
fiber, to adjust optical axis to self-aligning, it provides, it is 
possible . 

Depending, angle gap and positional deviation of those core 
can bedecreased, can decrease aforementioned first loss. 

[0042] 

[Embodiment of the Invention] 

Below, referring to figure, you explain concerning this 
Embodiment of Invention. 

Furthermore, as for size* shape and positional relationship of 
in the diagram, each ingredient,in extent which can 
understand this invention in conceptual it onlyis shown, in 
addition, numerical condition which is explained below is no 
morethan a mere illustration, you understood to be. 

[0043] 

Figure 1 -Figure 9 is figure which is offered to explanation of 
the embodiment of optical waveguide of this invention. 

Figure 1 (A ) - as for Figure 1 (C ) in figure which shows cut 
of cross section of respective optical waveguide of this 
invention, in addition Figure 1 (D ) - Figure 1 (F ) when those 
Figure 1 (A ) - connecting optical waveguide and optical fiber 
which are shown in Figure 1 (C ), Figure 1 (A ) - is thefigure 
which corresponds to Figure 1 (C ) in respective sequential. 

Figure 1 (D ) - Figure 1 (F ), in order figure to make easy 
tounderstand, optical waveguide with solid line, showed 
optical fiber with dashed line. 

In addition, as for Figure 2 in optical waveguide of this 
invention and thefigure which explains mount example of 
optical fiber, as for Figure 2 (A ) as for oblique view* and 
Figure 2 (B ) which show optical waveguide beforemounting 
it is a oblique view which shows dressed state of optical fiber 
and the optical waveguide. 

However, it has shown as core of optical waveguide which 
shows cross section shape of core of optical waveguide in 
Figure 1 (A ) in Figure 2. 

In addition, in order figure to make easy to understand, 
beforeforming upper part cladding layer, it is shown with 
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[0045] 
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ttl=l**77-f/<-fl!)n»*fcl**R»fl!>a7 
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In addition, Figure 3~Figure 9, in figure which is used for 
theexplanation of manufacturing method of optical waveguide 
of this invention, figurewhich shows cut of cross section 
which is taken the;be -ray the;bein figure and Figure 2 (D ) 
which show cut of cross section whichis taken the;al -ray 
the;al of Figure 2 (D ) - alongside finishing -alongside 
finishing, in order same step next door l ) to meet,arranging, 
is figure which shows. 

In for example Figure 1, arranging into side, it has shown, 
(A ) with (F ) with insame step, the;al which you mention 
earlier respectively - the;al cross section and the;be - it has 
shown the;be cross section. 

[0044] 

1 .first embodiment 

Below, referring to Figure 1 (A ), you explain concerning first 
embodiment of optical waveguide. 

[0045] 

With configuration example of this Figure 1, as for optical 
waveguide 28, it possesses bottom cladding layer 18. core 
22 and upper part cladding layer 26 in topside of substrate 12. 

slot 36 which parallels to underside of core 22 in surface 
ofthis substrate 12 is provided. 

As for bottom cladding layer 1 8, substrate 1 2 in surface of 
opposite side, cavity 38 ofvalley condition is provided. 

In this case, this cavity 38 opposing with slot 36, is 
providedalongside this slot 36. 

As for core 22, core underside portion (portion which opposes 
with bottom cladding layer 18 at portion of core 22 ), has 
become curved surface which reflects shape of cavity 38 of 
that valley condition of surface of the bottom cladding layer 
18 by being provided alongside topside of cavity 38 of 
valleycondition. 

[0046] 

If it is a structure of this kind of optical waveguide, core 
underside portion, has become the curved surface. 

Because of this, core and this optical waveguide of this 
optical waveguide and optical waveguiding layer of 
counterpart side which connects, difference of shape of the 
core of round or elliptical of optical fiber is eased to for 
example typical . 

Therefore, with mode conversion loss can be decreased with 
light leak from loss and non- abuting aspect. 
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*IC 0 1(C)£#!HLT, jfc»X»(D« 3 (7)31 
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[0052] 

CO^ftftVSKOKS-Cfehtf . =i7T« 



[0047] 

2. second embodiment 

Next, referring to Figure 1 (B ), you explain concerning 
second embodiment of optical waveguide. 

[0048] 

As for this optical waveguide 28, core upper side amount 
(portion which opposes with upper part cladding layer 26 at 
portion of core 22 ), from side of bottom cladding layer 18 
hasbecome mesa shape of point in direction of upper part 
cladding layer 26. 

This mesa shape is shape where cross section of for example 
core 22 is represented in isopod trapezoid etc. 

[0049] 

If it is a structure of this kind of optical waveguide, surface 
profile of portion h namely core underside portion which 
opposes with bottom cladding layer 18 of core 22, has 
become the curved surface. 

As for this surface profile, core and optical waveguiding layer 
of this optical waveguide, it seemsthat difference of shape of 
core of for example optical fiber is eased,it has become shape. 

In addition to this, core upper side amount, has become mesa 
shape anabove-mentioned way. 

From now on, difference of shape of cross section shape of 
core of optical waveguide and cross section shape of optical 
fiber core is eased, further* . 

Due to especially above, it can lose with mode conversion, 
and candecrease loss with light leak from non- abuting aspect. 

[0050] 

embodiment of 3. third 

Next, referring to Figure 1 (C ), you explain concerning 
embodiment of third of optical waveguide. 

[0051] 

As for this optical waveguide 28, one part of core 22 which 
opposes with the upper part cladding layer 26, has become 
mesa shape of point, at same time upper part cladding layer 
26 of core 22 shape of tip angle section to face, has become 
thegentle curved surface. 

mesa shape of this point, as already explained with second 
embodiment, makes shape. 

[0052] 

If it is a structure of this kind of optical waveguide, shape of 
core underside portion, hasbecome curved surface. 
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[0055] 



[0056] 

fc*M3 l(DhH 1(F)I4,H 1(A)~@ 1(C)0)* 



As for this surface profile, core and optical waveguiding layer 
of this optical waveguide, it seemsthat difference of shape of 
for example optical fiber core is eased, it has become shape. 

In addition to this, core upper side amount, with mesa shape 
of point, hasbecome curved surface where at same time tip 
angle section is gentle. 

With above, it can lose with mode conversion, and can 
decrease losswith light leak from non- abuting aspect. 

[0053] 

4.4 embodiment of th 

With this configuration example, it forms both of core 22 and 
with any one or silicon oxide of bottom cladding layer 18 and 
upper part cladding layer 26 which form optical waveguide 
which isexplained with embodiment of first-third which 
description above isdone. 

[0054] 

It is good forming only core 22 with silicon oxide and, it is 
goodforming only cladding layer with silicon oxide and, or it 
is good forming the core and cladding layer with silicon 
oxide. 

As for silicon oxide propagation loss of light being small, 
optical fiber which iswidely used generally has designated 
silicon oxide as main component, or the fabrication 
technology of silicon oxide has advanced, it is known . 

When from this fact, silicon oxide is used for formation of 
optical waveguide,with absorption of light inside core be able 
to decrease the propagation loss, in addition, connection loss 
can be decreased with such as optical fiber and scattering 
which it occurs from difference of index of refraction in 
contact point of core of optical waveguide. 

[0055] 

5.5 embodiment of th 

Next, referring to Figure 1 and Figure 2, in addition, 
embodiment is explained the slot which forms optical 
waveguide which is explained with embodiment of 
theabove-mentioned first-third as slot for optical fiber mount 
concerning the configuration example which it uses. 

[0056] 

Furthermore, Figure 1 (D ) - Figure 1 (F ), in order to make 
easy tounderstand Figure 1 (A ) - in figure when optical fiber 
is mounted in slot of optical waveguide of Figure 1 (C ), how 
it is connected consideredas optical axis direction, has shown 
optical fiber with dashed line. 
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Z<7)fc^,n^03t7T-f/\*-37 50 **** 
[0059] 

28 (D=37 22 (*, » 36 (D±IZ»oT. 
fr-O^OlM 36 <h=i7 22 <h(D*'fr$fi^¥ff££ 

36 3^3T 22 A<Hlt&ftTl*fcl*»#(B 
2(D)IC felt* £ - £ ET®£^t;S|S#)£:37 22 A< 
Rlt&*iTl^»#(0 2(D)lcfcl+5a-aKiI 

[0060] 

*ttffilcTfTft*lRll-»Lri*. *tt&a7K 



Ba>T*^?KII<DIE£&££IROT6C£l= 



Figure 2 (C ) and Figure 2 (D ), from respective front plane of 
optical waveguide before optical fiber mounting which is 
shown in Figure 2 (A ), and is thefigure which was seen from 
upper surface. 

Furthermore, in order figure to make easy to understand, in 
the Figure 2, figure has been shown excluding upper part 
cladding layer. 

[0057] 

With this configuration example, it uses slot 36 which for 
surface of substrate of optical waveguide 28 is as slot for 
optical fiber mount. 

[0058] 

Because as for optical waveguide 28 of this invention which 
description aboveis done, core underside portion has become 
curved surface, core and optical fiber core of optical 
waveguide, difference of shape is eased in comparison 
withpast. 

Because of this, as for connection with optical fiber 48 which 
has optical fiber core 50 of round, as for becoming 
satisfactory in comparison with past asdescription above 
done, is. 

[0059] 

core 22 of optical waveguide 28 is provided at same time in 
order for the slot 36 and center axis of core 22 to become 
parallel alongside on the slot 36. 

slot 36 portion where core 22 is not provided (The;be in 
Figure 2 (D ) - portion which includes the;be cross section ) 
with it becomes structure which possesses portion (The;al in 
Figure 2 (D ) - portion which includes the;al cross section ) 
where core 22 is provided. 

Vis-a-vis slot of one, core and optical fiber of optical 
waveguide opposing, it comes to point of with being allotted, 
it means withto be able to connect to self-aligning optical 
waveguide and optical fiber . 

[0060] 

Furthermore, in extension direction of core of optical 
waveguide only crossing itdepends on substrate surface even 
in symmetric etc of those core cross section vis-a-vis parallel 
direction, but in order inevitable optical waveguide and 
optical fiber, for core of these both stacking to be agreeable in 
maximum, itcan install. 

In addition, in order optical waveguide and optical fiber, both 
core the stacking to be agreeable in maximum by adjusting 
thickness etc of the bottom cladding layer of optical 
waveguide vis-a-vis vertical direction in substrate surface,, 
registration it ispossible. 



Page 18 Paterra Instant MT Machine Translation 



JP1999326665A 



1999-11-26 



[0061] 
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[0061] 

In addition, sheath of optical fiber (Figure 1 (D ) - in Figure 1 
(F ), it is shown with dashed line. ) 54 being slot 36 , when 
theline it tries to be supported from site of multiple of inside 
of slot 36, it is good. 

Or, it is not a structure (It shows in Figure 1 (D ) etc. ) which 
supports sheath 54 of optical fiber with slot 36, it is good 
taking structure (not shown ) which supports optical fiber core 
50. 

Furthermore, it is clear, to take similar structure even with 
when the optical fiber is elliptical and to be possible . 

[0062] 

This way, with slot 36 in order to designate core underside 
portion (portion which opposes with bottom cladding layer 18 
of core 22 ) of the optical waveguide 28 as curved surface, as 
slot for optical fiber mount gap of angle of optical axis of core 
of both can be decreased at least byusing. 

Furthermore, it can decrease also positional deviation of 
vertical direction in extension direction of core of optical axis. 

Depending, it can decrease connection loss of optical fiber 
and the optical waveguide. 

[0063] 

6.6 embodiment of th 

Next, referring to Figure 3~Figure 7, you explain as one 
example of manufacturing method where optical waveguide 
which you explain with first embodiment is 
desirable,concerning embodiment of manufacturing method 
of optical waveguide. 

[0064] 

Figure 3~Figure 7, in figure which is offered to explanation of 
this manufacturing method, figure which shows cut of cross 
section which is takenthe;be -ray the;be in figure and Figure 2 
(D ) which show the cut of cross section which is taken the;al 
-ray the;al of Figure 2 (D )- alongside finishing - alongside 
finishing, in order same step nextdoor L J to meet, arranging, 
is figure which shows. 

In for example Figure 3, arranging into side, it has shown, 
(A ) with (F ) with insame step, the;al which you mention 
earlier respectively - the;al cross section and the;be - it has 
shown the;be cross section. 

[0065] 

First, slot 36 is formed in surface of substrate 12 as first step. 



Because of this, substrate 12 is prepared first (Figure 3 (A ) 
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and Figure 3 (F )). 

Next, resist 30 coating fabric is done on substrate 1 2, (Figure 
3 (B ) and Figure 3 (G )). 

Consequently, as pattern of slot which it should form 
theelephant o it is mask 40 for groove formation, after doing 
alignment of substrate 12, shown with arrow 58, from upward 
direction, it exposes to the vertical direction, to substrate 
surface (Figure 3 (C ) and Figure 3 (H )). 

Next, removing portion of resist 30 which is exposed, it forms 
the resist pattern 34 for groove formation (Figure 3 (D ) and 
Figure 3 (I)). 

Next, it seems that is shown in arrow 60, in substrate surface 
from the vertical direction, doing anisotropic etching in 
substrate surface which has been exposed, (Figure 3 (E ) and 
Figure 3 (J )), itforms slot 36 in surface of substrate 12 
(Figure 4 (A ) and (E )). 

[0066] 

But, even when without depending on manufacturing method 
of drawn example, processingformation or making use of wet 
etching which utilizes crystal surface it isgood forming slot 36 
of (Not just first embodiment, embodiment of second and 
third ) optical waveguide of first embodiment, 
processingformation making use of widely known method, 
making use of the for example press forming etc etc with. 

[0067] 

In addition, in order optical waveguiding layer of round or 
elliptical of connectionschedule and curved surface which is 
adjusted in shapewise to possess in optical waveguide 28 
concerning shape and dimension of slot 36, it seemsthat it can 
provide core underside portion, it is good being a shape and a 
dimension. 

This way slot 36, as slot which mounts optical fiber 48 when 
it uses,if it has possessed kind of shape where optical fiber 48 
is supported inpoint of multiple, it is ideal. 



for example Figure 1 (D ) - like Figure 1 (F ), when it makes 
kind of shape where at same time optical fiber 48 is supported 
with bottom of the slot and both sides of slot as slot of cross 
section shape of the rectangular, it is ideal. 

[0068] 

Consequently, in order on substrate 12 which includes slot 36 
as the second step, in surface of bottom cladding layer 18, to 
possess cavity 38 of valleycondition which parallels to slot 
36, this said bottom cladding layer 18 is formed (Figure 4 (B ) 
and Figure 4 (F )). 

Furthermore, concerning material and formation method of 



Page 20 Paterra Instant MT Machine Translation 



JP1999326665A 



t#t>*>> TU^vb'M 18 (DSSIC. m 36 <D 
Dfl**JE*LfcStt«>a* 38 ##J*-C#T. 
^0*©««©a* 38 36<»«*l<*7T-f/< 
-<Da7i:»«Wl=»*-r«J:5«lftlBt<t* 

So 

■T*tt*H=J:<ttffl4*irL^©li.PMMA V 
[0069] 

*7r-f/< 

^-SfrbT-fc-So 

**ilcj:y. *»«Bi:jfe7T-f/<-i:<J!>ft« 
m*Sfi!cftj£(JilT,CVD 

'So 



[0070] 

l£l*T , % 3 XSirLT, 20 £T&<7vv 

KH 18(D±IC^J5g1-S(H4(C)fcJ:U:il4(G))„ 



1999-11-26 

bottom cladding layer 18 there isnot especially limitation, 
certain extent unevenness of substrate material and formation 
method which canreflect are adopted. 

Being able to form cavity 38 of valley condition which 
reflects recess of slot 36 on surface of namely, bottom 
cladding layer 1 8, at same time inorder cavity 38 of that 
valley condition, core of for example optical fiber and curved 
surface which you adjust in shapewise to become, it uses 
material and formation method which it can form. 

As for example exemplary material, or organic polymer etc 
can be used making use of silicon oxide,making use of other 
inorganic oxide. 

As for example organic polymer, polymethylmethacrylate 
(Below, PMMA it abbreviates. ), epoxy^ photoresist % 
polyurethane x or fluorine polyimide copolymer etc can be 
used. 

As that kind of organic polymer, fact that it is well used for 
material which forms optical waveguide is PMMA. 

spin coating method and dip method can be used as formation 
method of optical waveguide whichconsists of for example 
PMMA. 

[0069] 

optical waveguide, when it forms silicon oxide as main 
component, is ideal. 

Because because, optical fiber which is used for general 
optical transmission system optical waveguide with 
composition which is similar to optical fiber because those 
which designate quartz-based namely silicon oxide as main 
component are many, can form. 

With that, optical waveguide and scattering etc of light in 
connecting surface of optical fiber can be decreased, can 
decrease connection loss. 

In addition, when it forms, as optical waveguide which 
includes silicon oxide the chemical vapor deposition method 
(Below, CVD method there are also times when it 
abbreviates. ) or other widely known method can be used to 
formation of the bottom cladding layer 1 8, until recently. 

Furthermore, as for FHMethod D, in order to possess property 
that,accumulates silicon oxide film in quite flat, in order to 
possess the cavity of valley condition in surface, because 
bottom cladding layer cannot beformed, it is thought that it is 
not suitable. 

[0070] 

Consequently, core layer 20 is formed on bottom cladding 
layer 18 as third step, (Figure 4 (C ) and Figure 4 (G )). 
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As material and formation method of core layer 20, especially 
there is notlimitation other than thing which raises index of 
refraction in comparison with above-mentioned bottom 
cladding layer 18 . 

As exemplary material, or organic polymer etc can be used 
bottom cladding layer similarly, makinguse of silicon oxide, 
making use of other inorganic oxide. 

In addition, when it forms with core layer* , or namely silicon 
oxide itself whichbecomes with formation of bottom cladding 
layer and similarly silicon oxide as the main component it 
makes core layer* which was formed with material 
whichcombines silicon oxide and other material it is, more 
ideal. 

Because because, above-mentioned way when optical 
waveguide core is formed with composition which is similar 
to core of optical fiber, decrease ofconnection you can 
anticipate loss with such as optical fiber and scattering of 
thelight in connecting surface of optical waveguide. 

[0071] 

In addition, when core which is a optical waveguiding layer 
was formed with the silicon oxide , also propagation loss 
inside core is decreased by property thatloss of light of 
internal of silicon oxide itself is little. 

[0072] 

When slot 36 when it uses, as slot for optical fiber mount step 
which forms optical fiber mounting part 56 between for 
example third step and 4 th step is done, it isideal. 



[0073] 

This step is not necessary always from gist of this 
embodiment thatforms optical waveguide which possesses 
core of shape which is closeto shape of optical fiber core of 
round or elliptical. It is, from a preferred step in order to form 
mounting part of optical fiber, (Figure 4 (D ) and Figure 5 
(A ) - Figure 5 (D ) with Figure 4 whichcorresponds 
respectively (H ) and Figure 5 (E ) - Figure 5 (H )). 

upper surface of core layer 20 resist 3 1 coating fabric is 
doneextensively, (Figure 4 (D ) and Figure 4 (H )). 

It exposes in substrate surface from upward direction of 
vertical direction vis-a-vis the resist 3 1 next, making use of 
mask 62 for optical fiber mounting part, (Figure 5 (A ) and in 
Figure 5 (E ) it shows with arrow 58. ). 

Next, developing vis-a-vis exposed resist 31, it forms resist 
pattern 42 for optical fiber mounting part which covers excess 
site other than optical fiber mounting part 56 (Figure 5 (B ) 
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and Figure 5 (F )). 

Next, in upper surface of core layer 20 etching is done from 
vertical direction the resist pattern 42 as mask vis-a-vis core 
layer 20 and bottom cladding layer 18 which it hasexposed, 
(Figure 5 (C ) and in Figure 5 (G ) it shows with arrow 60. ). 

After that, resist pattern 42 for optical fiber mounting part is 
removed with suitable widelyknown method (Figure 5 (D ) 
and Figure 5 (H )). 

As for etching method in this step, when it makes method 
which the selectively etching it is possible substrate 12 and 
core layer 20 and bottom cladding layer 18 it isideal. 

That time, substrate 12 because substantially etching is not 
done, canexpose slot 36 of substrate 12 simply. 

for example core layer and cladding layer, being formed, as 
layer which includes the silicon oxide when silicon wafer is 
used for substrate, when etching gas whichpossesses 
selectivity of CHF 3 or other silicon and silicon oxide is used, 
selective etching becomes possible. 

[0074] 

In order next, to become ridge condition where upper side 
amount of the core 22 parallels to cavity 38 of valley 
condition by doing core layer 20 as4 th step, etching, core 22 
is formed (Figure 6 (A ) - Figure 6 (D ) and Figure 7 (A ) - 
Figure 7 (B ) with, the Figure 6 which corresponds 
respectively (E ) - Figure 6 (H ) and Figure 7 (D ) - Figure 7 
(E )). 

Regarding figure, resist 33 coating fabric is done in surface of 
core layer 20, (Figure 6 (A ) and Figure 6 (E )). 

Vis-a-vis resist 33 together it exposes mask 44 for core 
formation for pattern formation of core, (Figure 6 (B ) and 
Figure 6 (F )). 

Developing vis-a-vis exposed resist 33, it forms resist pattern 
46 for core formation whichcovers only core formation 
schedule domain of core layer 20 (Figure 6 (C ) and Figure 6 
(G)). 

Next, in substrate surface anisotropic etching is done from 
vertical direction vis-a-vis the portion of core layer 20 which 
has been exposed from resist pattern 46, (Figure 6 (D ) and 
Figure 6 (H )). 

In this etching, etching it does material of core layer 20, but 
substrate material does selective etching that etching is not 
done. 

Therefore, as for (The;be - in the;be cross section. ) slot 36 
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which becomes optical fiber mounting part 56, there is a state 
which etching is not done substantially by fact that the 
selective etching is done. 

Or, it is not to do selective etching, it forms another resist 
pattern in optical fiber mounting part 56 andit is good doing 
etching for core layer 20. 

[0075] 

etching with 4 th step in order to become core 22 which 
possesses suitable side wall shape with core layer 20 as 
optical waveguiding layer, anisotropic etching is possible it 
isgood. 

Concretely, when etching method where reactive ion etching 
method and reactive ion beam etching method or other 
anisotropy are high is used it is good. 

[0076] 

By this etching , core layer 20 being processed, core 22 which 
parallels on cavity 38 of valley condition is formed to ridge 
condition (Figure 7 (A ) and Figure 7 (D )). 

In addition, when core layer 20 etching being done, portion of 
bottom cladding layer 18 is done etching simultaneously, it is 
good being . 

core 22 after forming, resist pattern 46 for core formation, 
suitable is removeduntil recently with widely known method, 
(Figure 7 (B )). 

From as preferred example, after mounting optical fiber 48, 
when upper part cladding layer is formed,before forming 
upper part cladding layer, optical fiber 48 is mounted in slot 
36, (Figure 7 (E )). 

Case of mount, it is good locking optical fiber 48 and 
substrate 12 etcwhich becomes substrate, with for example 
ultraviolet light curing adhesive. 

[0077] 

Consequently, in order upper part cladding layer 26, to cover 
bottom cladding layer 18 and core 22 as5 th step, it forms 
(Figure 7 (C )). 

At that occasion, in order to cover optical fiber 48 with upper 
part cladding layer 26 , it isgood forming, (Figure 7 (F )). 

material of upper part cladding layer 26 is same ones as 
bottom cladding layer, it is desirable. 

method which also formation method uses for formation of 
bottom cladding layer canbe used. 

General, when formation method of upper part cladding layer 
26 is done with same formation method and molding 
condition making use of same material as bottom cladding 
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layer, because index of refraction of both can be made simply 
same, it is more ideal. 

[0078] 

When it forms, core layer 20 and cladding layer 32 which 
description above aredone (bottom cladding layer 1 8 and 
upper part cladding layer 26 ) with one side or both parties, as 
layer which includes the silicon oxide when it forms 
triethoxysilane (Below Triethoxysilane 0 , TRIES there are 
also times when it abbreviates. ) as starting material gas with 
chemical vapor deposition method which ituses, it is good. 

As explained already, optical fiber which is used generally 
has designated silicon oxide as main component. 

Because of this, in order to become composition which is 
close to that,decrease of connection you can anticipate loss 
with such as when core layer 20 or cladding layer 32 is 
formed, optical waveguide and scattering of light in the 
connecting surface of optical fiber. 

In addition as for silicon oxide, fabrication technology having 
advanced, because microscopic processing is possible, shape 
and dimension of each portion areformed become easy 
according to design. 

Furthermore, case starting material gas which includes TRIES 
in formation oflayer which includes silicon oxide, is used, 
when monosilane (SiFU ) etc isused for starting material gas, 
comparing, being substrate soon, chemical reaction becomes 
center and advances. 

Because of this, intermediate product or other particle which 
causes propagation loss, becomes difficultto mix in layer 
which is formed. 

Because of that, propagation loss of optical waveguide can be 
decreased. 

[0079] 

In addition, when loss of light occurs with hydroxide silicon 
(Si (OH ) <sub>4 ) amongthis kind of intermediate product 
and in silicon oxide, it is. 

Therefore, in step of option of second step D third step and 5 
th step, it isgood administering thermal processing for 
removing hydroxide silicon or other impurity. 

[0080] 

7.7 embodiment of th 

Next, referring to Figure 3 -Figure 6 and Figure 8, you explain 
as one example of manufacturing method where optical 
waveguide which you explain with second embodiment 
isdesirable, concerning embodiment of manufacturing method 
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of optical waveguide. 
[0081] 

Figure 8 which follows that with Figure 3~Figure 6 which is 
used for theexplanation of embodiment of 6 th, in figure 
which is offered toexplanation of this manufacturing method, 
figure which shows cut of the cross section which is taken 
the;be -ray Figure 7 which Figure 8 ismentioned earlier 
similarly, the;al - the;al -ray and the;be -alongside finishing, 
in order same step next door y to meet,arranging, is figure 
which shows. 

[0082] 

As for invention of manufacturing method of this optical 
waveguide, with modified example of the manufacturing 
method in embodiment of 6 th, characteristic portion is 4 th 
step. 

Because of that, because explanation of step other than that 
canapply method which is already explained, that explanation 
isabbreviated. 

[0083] 

core layer 20 anisotropic etching is done according to 
invention of manufacturing method ofthis optical waveguide, 
as 4 th step, after forming resist pattern 46 for core formation 
in the upper surface of core layer 20, making use of resist 
pattern 46 for core formation. 

With that, from bottom cladding layer 18 destined for 
formation schedule domain of upward direction namely upper 
part cladding layer, core of mesa shape of point is formed 
(Figure 6 (D ) and Figure 8 (A ) with Figure 6 (H ) and you 
refer to the Figure 8 (B )). 

After that, doing 5 th step which are already explained, it 
forms the upper part cladding layer 26 (Figure 8 (C )). 

In addition, in order in same way, to cover optical fiber 48 
with the upper part cladding layer 26 , it is good forming, 
(Figure 8 (F )). 

[0084] 

Furthermore, it is necessary to do etching which possesses 
low anisotropy this time, in comparison with etching which 
was done with the embodiment of 6 th. 

For that anisotropic etching is done with reactive ion etching 
method and reactive ion beam etching method or other 
etching method and by fact that if at same time pressure or 
other etching condition while selecting and equipment of 
etching gas is decided suitably, anisotropy is adjusted, itis 
good. 

Furthermore, one example of condition of formation of core 
of the mesa shape of point has been shown in Working 
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Example which it mentionslater. 

Furthermore, step which forms optical fiber mounting part 56 
between theabove-mentioned third step and 4 th step is good 
being. 

[0085] 

8.8 embodiment of th 

Next, referring to Figure 3~Figure 6 and Figure 9, you explain 
as one example of manufacturing method where optical 
waveguide which you explain with embodiment of the third is 
desirable, concerning embodiment of manufacturing method 
of optical waveguide. 

[0086] 

Figure 9 which follows that with Figure 3~Figure 6 which is 
used for theexplanation of embodiment of 6 th, in figure 
which is offered toexplanation of this manufacturing method, 
figure which shows cut of the cross section which is taken 
the;be -ray Figure 7 which Figure 9 ismentioned earlier 
similarly, the;al - the;al -ray and the;be -alongside finishing 
respectively, in order same step next door l ) tomeet, 
arranging, is figure which shows. 

[0087] 

As for invention of manufacturing method of this optical 
waveguide, with modified example of the manufacturing 
method in embodiment of 7 th, characteristic portion is 4 th 
step. 

Because of that, because explanation of step other than that 
canapply method which is already explained, that explanation 
isabbreviated. 

[0088] 

According to invention of manufacturing method of this 
optical waveguide, as 4 th step, the core 22 of mesa shape is 
done, after removing resist pattern 46 for theaforementioned 
core formation, isotropy etching. 

With that, it becomes curved surface where tip angle section 
of core 22 of mesa shape is gentle. 

This time, after a little forming core of rather large, 
incomparison with core in optical waveguide which is 
explained with the embodiment of 7 th (Figure 9 (A ) and 
Figure 9 (E )), by etching doing in isotropic (Figure 9 (B ) and 
Figure 9 (F )), it can make curved surface where tip angle 
section of core 22 of mesa shape is gentle(Figure 9 (C ) and 
Figure 9 (G )). 

After that, upper part cladding layer 26 in order to cover core 
22 and bottom cladding layer 18 , isformed as 5 th step, 
(Figure 9 (D )). 
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[0089] 

% 7 <»£i(5©#»=TlllHLfcJ:5ftliSttx 
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•So 

[0090] 

aj»<os»<7)»*^ **-ct-t<onn<D 14% 



[0091] 

BIT, «ltfll=J:M. -h«fc<Dlg 2 ©HJfiro^® 
COT*. ^OJBllWiSlCO*, jutttKntn-*- 



[0092] 



In addition, in same way as aforementioned example, in order 
tocover optical fiber 48, it is good forming upper part 
cladding layer 26, (Figure 9 (H )). 

[0089] 

isotropic etching is administered after forming core of mesa 
shape of the point with kind of anisotropic etching which is 
explained with embodiment of 7 th, vis-a-vis core. 

That, is something which utilizes property of etching that the 
property of isotropy etching that and protruding in angle it is 
processed isexcised in uniform portion which is done more is 
processed isexcised. 

With that, after designating core as mesa shape, with simple 
method that, protruding in angle administers isotropic etching, 
portion which isdone can be designated as gentle curved 
surface. 

[0090] 

In addition, in optical waveguide in embodiment of first-third 
which thedescription above as for cross section shape of core 
22 of optical waveguide, when the stacking of true circle 
which is agreeable was thought in cross section and the 
maximum, sum total of surface area of portion which is not 
piled up with cross section and true circle, becomes 14% of 
true circle even with maximum is done. 

This way because non- abuting aspect it is decreased in 
comparisonwith past, light leak which from difference of 
cross section shape in the connecting part it occurs in 
unavoidable being held down, you can say that it candecrease 
connection loss. 

[0091] 

[Working Example(s)] 

Below, with Working Example , because there is an example 
which formed the optical waveguide which is stated in 
above-mentioned second embodiment , actually, youexplain 
concretely concerning formation method. 

Furthermore adopted equipment and used material and 
numerical value condition which are expressedwith Working 
Example below are no more than a one example inside range 
of thisinvention. 

Therefore, this invention, is not limited in adopted equipment 
and used material and numerical value condition below. 

Furthermore, here, it produced optical waveguide which 
possesses core where core upper side amount is mesa shape of 
point. 

[0092] 
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[0094] 
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[0095] 
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[0097] 

-> 34 tf»dt**lfc»tE 12 £*»LT*&R 
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IS CF 4 +0 2 irLTtai^o 

^lz^Vl//<rt0)E*$ 2Pa lcS^LT.ffl» 
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Figure 3^Figure 6 and Figure 8 are figure of production step 
of optical waveguide whichrefers to being an explanation of 
aforementioned embodiment. 

Below, referring to these figures, you explain to substrate 
concerning manufacturing method of optical waveguide of 
this invention which is done at sametime core and cladding 
layer consist of silicon oxide making use of the silicon wafer. 

[0093] 

First, 20 second you washed with hydrofluoric acid solution 
which is diluted in 1% the substrate 12 of silicon wafer, with 
pure water . 

Consequently you washed with pure water (Figure 3 (A ) and 
Figure 3(F)). 

[0094] 

Next, on substrate 12 resist 30 coating fabric was done with 
thickness of approximately l;mu m making use of spin 
coating, (Figure 3 (B ) and Figure 3 (G )). 

[0095] 

Next, substrate 12 which resist 30 coating fabric is done 10 
min after inserting in constant temperature tank of 
temperature 90 deg C, installing mask 40 and substrate 1 2 for 
groove formation inside reducing projection aligner which 
uses i-line of the mercury lamp, predetermined exposure dose 
it irradiated (Figure 3 (C ) and Figure 3 (H )). 

[0096] 

Consequently, after developing exposed resist 30, resist 
pattern 34 for groove formation of straight line optical 
waveguide was formed on substrate 12 group board 12 which 
possesses resist which remains by 10 min inserting in constant 
temperature tank of the temperature 80 deg C, (Figure 3 (D ) 
and Figure 3 (1 )). 

[0097] 

After washing substrate 12 where resist pattern 34 was 
formed inside chamber of reactive ion etching equipment 
which next and generally is used widely, it installed. 



Depending upon rotary pump , until pressure inside chamber 
becomes 1 Pa, exhaust it did to pressure 1 X 10" 3 Pa exhaust 
after doing, with the turbomolecular pump . 

Next, CC1 2 F 2 was introduced into chamber with flow of 100 
seem. 

However, this CC1 2 F 2 from problem of environment, as for 
example CF 4 +0 2 is good. 

Keeping pressure inside chamber next in 2 Pa, applying doing 
high frequency of frequency 13.56 MHz with electrical 
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[0098] 

4 atmttic* cci 2 f 2 <r>m 

lxio'Pa ftitLf:. 
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[0099] 

at>T, » 36 4<»***lfc»S 12 $7KK 
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TRIES $ 12sccm. 400sccm t$&lf C 2 F 6 

TRIES 14* fcb^CtoSJt* 80 deg C £L 
£fc.C 2 F 6 li^^vKS(DHSr*$=3TJ:yt 



density of 1 W/cm 2 , when itdid etching , substrate 12 etching 
was done with resist pattern 34 for the groove formation as 
mask, (Figure 3 (E ) and Figure 3 (J )). 

[0098] 

4 hours later, discharge of high frequency and after stopping 
theintroduction of CC1 2 F 2 , using rotary pump and 
turbomolecular pump for the sequential, exhaust it did inside 
chamber to pressure 1 X 10" 3 Pa. 

nitrogen was introduced after exhaust and into chamber and 
aftermaking atmospheric pressure , etched straw raincoat 
substrate 12 was removed. 

With oxygen plasma asher — method and resist pattern 34 for 
groove formation it peeled off with solution of temperature 
100 deg C which 3: mixes sulfuric acid and hydrogen 
peroxide to 1 washing which is used next generally widely 
with. 

After that, etched straw raincoat substrate 12 was washed with 
pure water . 

This way, in surface of substrate 12, slot 36 of rectangular of 
the width approximately 48;mu nu length approximately 20 
mm x depth approximately28;mu m was formed (Figure 4 
(A ) and Figure 4 (E )). 

[0099] 

Consequently, 20 second you washed with hydrofluoric acid 
solution which is diluted in 5 percent substrate 12 where slot 
36 was formed, with pure water . 

After that, washing this substrate 12 with pure water , it 
installed this substrate 12 inside chamber of parallel flat plate 
type plasma CVD equipment which is widely used generally. 

parallel flat plate type plasma CVD equipment has become 
structure where stage which heats shower electrode and this 
substrate 12 which introduce starting material gas into 
chamber formsopposite. 

Until substrate temperature becomes 400 deg C, it heated 
substrate 12. 

exhaust it did to pressure 1 X 10" 5 Pa inside chamber with 
rotary pump the exhaust after doing, with turbomolecular 
pump to pressure 1 Pa. 

TRIES 12 sccitu oxygen 400 seem and C 2 F 6 with flow 
whichbecomes 10 seem respectively from shower electrode 
were introduced into the chamber. 

Furthermore TRIES evaporates beforehand with temperature 
as 80 deg C. 

In addition, C 2 F 6 is used in order to make low index of 
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*SK 1.5W/cm 2 -CSl/JOLfco 

^>/<«lz^XTA<*±LT. 1 ftffl 10 # 
T-TSS^vKl 18 (D±IC||(0IV$M 8/imfc 
itfBSr* 1.456 "CfeftuTl 20 4<»fiR**lfc 
(B 4(C)fccfct/B 4(G)) 0 

[0101] 

fltivc. 37J120 12$, ^7k 

iCckU l%lz#S?Lfc7^b**»»aicJ:y 20 

* LT, Xt°>=i-h$ffl^T=37l 20 <7>±|CU 
S>Xh31*«4ISl l/imt?MLfc(i4(D)fcJ: 
tffl 4(H)) 0 

[0102] 

*|C, UvXh 31 12 $as 

90 deg C CDfiSffilC 10 #IW Atlfcfc. 12 
t3t7T-r/\*-g»gPffi7X^ 62 t**!^ 
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(B 5(A)fc *tfB 5(E)) 0 



refraction of the cladding layer in comparison with core . 

pressure inside chamber was kept in 30 Pa, high frequency of 
13.56 MHz between shower electrode and stage applying was 
done with theelectrical density 1.5 W/cm 2 and film formation 
was done. 

plasma occurred inside chamber, in order with 3 hours 3 0 
min, bottom cladding layer 18 which is thickness 
approximately 20;mu m and a index of refraction 1.452 in 
surface of substrate 12, to possess cavity 38 of valley 
condition in surface, wasformed (Figure 4 (B ) and Figure 4 
(F)). 

[0100] 

Until next, substrate 12 where, bottom cladding layer 18 
inside chamber of theaforementioned parallel flat plate type 
plasma CVD equipment was formed, substrate temperature 
becomes 400 deg C,it heated. 

Inside chamber exhaust it did to pressure 1 X 10" 5 Pa with 
rotary pump afterdecreasing, with turbomolecular pump to 
pressure 1 Pa. 

TRIES 12 seem and oxygen with flow which becomes 400 
seem respectively from shower electrode were introduced into 
chamber. 

Furthermore TRIES evaporated beforehand with temperature 
as 80 deg C. 

pressure inside chamber was kept in 30 Pa, high frequency of 
13.56 MHz between shower electrode and stage applying was 
done with theelectrical density 1 .5 W/cm 2 . 

plasma occurring inside chamber, core layer 20 which with 1 
hour 10 min is thickness approximately 8;mu m and a index 
of refraction 1.456 of layer on bottom cladding layer 18 
wasformed (Figure 4 (C ) and Figure 4 (G )). 

[0101] 

Consequently, 20 second after washing, you washed with pure 
water with hydrofluoric acid solution which is diluted in 1% 
substrate 12 where core layer 20 was formed,with pure water . 

On core layer 20 resist 3 1 coating fabric was done with 
thickness approximately 1 ;mu m, and, making use of spin 
coating (Figure 4 (D ) and Figure 4 (H )). 

[0102] 

Next, resist 31 substrate 12 which coating fabric is done 10 
min after inserting in constant temperature tank of 
temperature 90 deg C, installing substrate 12 and mask 62 for 
optical fiber mounting part inside reducing projection aligner 
which uses i-line of the mercury lamp, i-line predetermined 
exposure dose was irradiated to resist 3 1 (Figure 5 (A ) and 
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Figure 5 (E )). 
[0103] 

Consequently, developing exposed resist 31, 10 min inserting 
group boardl2 which possesses resist 31 which remains in 
constant temperature tank of temperature 80 deg C,it formed 
resist pattern 42 for optical fiber mounting part of straight line 
optical waveguide on core layer 20 (Figure 5 (B ) and Figure 
5(F)). 

[0104] 

substrate 12 where resist pattern 42 for optical fiber mounting 
part was formed inside chamber of reactive ion etching 
equipment which next and generally is used widely was 
installed. 

Consequently, until pressure inside chamber becomes 1 
Pa,depending upon rotary pump , until it becomes pressure 1 
X 10' 3 Pa, exhaust afterdoing, depending upon turbomolecular 
pump , exhaust it did. 

Consequently, CHF 3 was introduced into chamber with flow 
of 100 seem. 

Next, pressure inside chamber was kept in 2 Pa, high 
frequency of the frequency 13.56 MHz applying was done 
with electrical density of 1 W/cm 2 and the etching was done 
vis-a-vis core layer 20 and bottom cladding layer 18. 

When it does, with resist pattern 42 for optical fiber mounting 
part as mask, the;be the portion outside domain of resist 
pattern 42 of core layer 20 and bottom cladding layer 18 
inthe;be cross section was done etching, (Figure 5 (C ) and 
Figure 5 (G )). 

Furthermore, with this etching, because selective etching of 
silicon and the silicon oxide was done, etching it did not do 
substrate 1 2 for most part. 

[0105] 

40 min later, it stopped discharge of high frequency, and 
theintroduction of CHF 3 used rotary pump and 
turbomolecular pump for sequential,exhaust did inside 
chamber to pressure 1 X 10" 3 Pa. 

nitrogen was introduced after exhaust and into chamber and 
aftermaking atmospheric pressure , substrate 12 was removed. 

With oxygen plasma ashei — method and resist pattern 42 for 
optical fiber mounting part it peeled off with solution of 
temperature 100 deg C which 3: mixes sulfuric acid and 
hydrogen peroxide to 1 washing which next and generally is 
used widely with. 

Lastly, you washed with pure water . 

This way, optical fiber mounting part (The;be - portion which 
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is shown with the;be cross section ) was formed (Figure 5 (D ) 
and Figure 5 (H )). 

[0106] 

Consequently, in surface of core layer 20 which includes 
surface of substrate 12 where optical fiber mounting part 56 
was formed, has remained, resist 33 thecoating fabric was 
done in thickness of l;mu m making use of the spin coating 
method, (Figure 6 (A ) and Figure 6 (E )). 

[0107] 

Next, resist 33 substrate 12 which coating fabric is done 
temperature 1 0 min was inserted in constant temperature tank 
of 90 deg C. 

Consequently, processing core layer 20, after installing mask 
44 and the substrate 1 2 for core formation in order to obtain 
core 22 inside reducing projection aligner doing mutual 
alignment , predetermined exposure dose it irradiated i-line of 
mercury lamp vis-a-vis resist 33 (Figure 6 (B ) and Figure 6 
(F ))• 

[0108] 

resist pattern 46 for core formation was formed to surface of 
core layer 20 and,after developing exposed resist 33, by 10 
min inserting in constant temperature tank of the temperature 
80 deg C, (Figure 6 (C ) and Figure 6 (G )). 

[0109] 

Next, etching doing core layer 20, in order to form core 22 of 
thesequential taper shape, it installed substrate 12 which 
formed resist pattern 46 for core formation inside chamber of 
reactive ion etching equipment which is widely usedgenerally. 



Consequently, using rotary pump and turbomolecular pump 
for sequential, exhaust it did pressure inside chamber to 1 X 
10 _3 Pa. 

CHF 3 was introduced into chamber with flow of 100 seem. 



And, pressure inside chamber was kept in 2 Pa, and high 
frequency of frequency 13.56 MHz applying was done with 
electrical density of 1 W/cm 2 and etching of core layer 20 was 
done. 

When it does, core layer 20 etching was done with resist 
pattern 46 for the core formation as mask, (Figure 6(D) and 
Figure 6 (H )). 

[0110] 

40 min later, it stopped discharge of high frequency, and 
theintroduction of CHF 3 used rotary pump and 
turbomolecular pump for sequential, exhaust did inside 
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chamber to pressure 1 X 10" Pa. 

nitrogen was introduced after exhaust and into chamber and 
aftermaking atmospheric pressure , substrate 12 was removed. 

By this etching , as for core layer 20 etching being done, core 
22 of thesequential taper shape was formed (Figure 8 (A ) and 
Figure 8 (D )). 

[0111] 

With oxygen plasma ashei — method and resist pattern 46 for 
core formation it peeled off with solution of temperature 100 
deg C which 3: mixes sulfuric acid and hydrogen peroxide to 
1 washing which next and generally is used widely with. 



Consequently, substrate 1 2 where core 22 was formed was 
washed with the pure water . 

And, in order to connect optical fiber 48 to this optical 
waveguide 28, optical fiber 48 wasinstalled in slot 36. 

This time, with ultraviolet light curing adhesive , glueing 
optical fiber 48, it locked (Figure 8 (B ) and Figure 8 (E )). 

[0112] 

Consequently, inside chamber of plasma CVD equipment 
which is used for theformation of bottom cladding layer 18, 
substrate 12 which passes these protocol wasinstalled. 

Without heating substrate 12, it did formation process of this 
upper part cladding layer 26. 

Inside chamber until it becomes pressure 1 Pa, depending 
upon rotary pump exhaust it did to pressure 1 X 1 0" 5 Pa 
exhaust after doing, making use of the turbomolecular pump. 

TRIES 1 2 seem, oxygen 400 seem and C2F 6 with flow 
whichbecomes 10 seem were introduced from shower 
electrode to inside chamber. 

Furthermore TRIES evaporated beforehand with temperature 
as 80 deg C. 

Keeping pressure inside chamber in 30 Pa, between shower 
electrode and stage applying doing high frequency of 13.56 
MHz with electrical density 1.5 W/cm 2 , it did film 
formation . 

plasma occurred inside chamber, in order with 3 hours 3 0 
min, to cover bottom cladding layer 18, core 22. optical 
fiber 48 and substrate 12, thickness approximately 20;mu m 
and the upper part cladding layer 26 of index of refraction 
1 .452 were formed (Figure 8 (C ) and Figure 8 (F )). 

[0113] 
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With step above, core underside portion having become 
curved surface, optical waveguide 28 which possesses core 22 
where at same time core upper side amount becomes mesa 
shape of point was formed. 

[0114] 

This way, with slot 36 in order to designate core underside 
portion as curved surface,as optical fiber mount slot because it 
has used, because adjusts, the angle and position of respective 
optical axis of optical fiber core 50 and core 22 of optical 
waveguide 28 to self-aligning and is possible , optical 
waveguide whichdecreases connection loss can be acquired. 



28 <D37 22 #77-f 
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[0117] 



In addition, because shape of core 22 of optical waveguide 28, 
it becomesclose in shape of round of optical fiber core 50, 
with mode conversionwith connection loss and a leak of light 
in non- abutingaspect to face inevitably from difference of 
shape connectionloss can be decreased. 

In addition, because core 22 and cladding layer 32 (bottom 
cladding layer 18 and upper part cladding layer 26 ) are 
formed with the silicon oxide , it can decrease also 
propagation loss. 

[0115] 

Furthermore, propagation loss and connection loss of optical 
waveguide which isproduced by this Working Example were 
measured, but propagation loss became 0.01 dB/cm or less,at 
same time connection loss became 0.1 dB/cm or less. 

To be small precise measurement was impossible both in 
comparison with measurement limit . 

But, as for optical waveguide which is produced by this 
Working Example , it loses with light leak in non- abuting 
aspect which it occurs inevitably incomparison with 
conventional optical waveguide, it loses with light leak which 
it occurs dueto gap of optical axis, and it is clear for decrease 
of loss to beactualized with mode conversion. 

[0116] 

In addition, as for cross section of core 22 of mesa shape of 
point, when stacking of true circle which is agreeable was 
thought in this cross section and maximum, sum total of 
surface area of portion which is notpiled up with cross section 
and true circle of core 22, was shape which becomes 
approximately 10% of surface area of entirety of this true 
circle in optical waveguide 28 which is produced by this 
Working Example . 

[0117] 

[Effects of the Invention] 
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As been clear even from explanation which description above 
isdone, according to optical waveguide of this invention, cross 
section shape of core of optical waveguide, in cross section 
shape^ typical of optical waveguiding layer which possesses 
the curved surface of those of connection schedule in optical 
waveguide because it can maketo cross section shape of round 
or elliptical of core of optical fiber close, optical waveguide 
which decreases connection loss can be acquired. 

[0118] 

In addition, with slot in order to designate core underside 
portion of this optical waveguide as curved surface as optical 
fiber mount slot by fact that it uses, with non centering of 
optical fiber, high precision mount which at sametime 
decreases connection loss becomes possible. 

[0119] 

In addition, because also it produces those optical waveguide 
simply and it is possible, it is rich to mass productivity and 
practicality. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

It offers to explanation of embodiment of first-third, in 
extension direction cutting respective optical waveguide, with 
perpendicular plane, it is a figure whichshows cut of 
respective cross section which you take. 

[Figure 2] 

It is, a oblique view and top view of optical waveguide which 
it offers to theexplanation of first embodiment, removes upper 
part cladding layer and a figure which shows front view . 

[Figure 3] 

It offers to explanation of embodiment of 6 th~8th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That I ) of 
conceptual optical waveguide. 

[Figure 4] 

It offers to explanation of embodiment of 6 th~8th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That 2) of 
conceptual optical waveguide. 

[Figure 5] 

It offers to explanation of embodiment of 6 th~8th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That 3) of 
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conceptual optical waveguide. 
[Figure 6] 

It offers to explanation of embodiment of 6 th~8th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That 4) of 
conceptual optical waveguide. 

[Figure 7] 

It offers to explanation of embodiment of 6 th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That 5) of 
conceptual optical waveguide. 

[Figure 8] 

It offers to explanation of embodiment of 7 th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That 5) of 
conceptual optical waveguide. 

[Figure 9] 

It offers to explanation of embodiment of 8 th, cut of 
therespective cross section which is taken the;al of Figure 2 
(D ) - the;al -ray and the;be - the;be -ray alongside finishing 
was shown, it is a production process diagram (That 5) of 
conceptual optical waveguide. 

[Figure 10] 

It is a conceptual step sectional view of manufacturing 
method of conventional optical waveguide. 

[Explanation of Symbols in Drawings] 

10 

acid hydrogen burner 
12 

substrate 
14 

glass fine particle layer which becomes bottom cladding layer 
16 

glass fine particle layer which becomes core layer 
18 

bottom cladding layer 
20 

core layer 
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22 
=37 

24 

26 
28 
30 
31 

UvXh 
32 

33 

UvXh 
34 

36 

38 

40 

42 

44 

46 

48 

50 



22 

core 

24 

glass fine particle layer which becomes upper part cladding 
layer 

26 

upper part cladding layer 
28 

optical waveguide 
30 

resist 
31 

resist 
32 

cladding layer 
33 

resist 
34 

resist pattern for groove formation 
36 

slot (optical fiber mount slot ) 
38 

cavity of valley condition 
40 

mask for groove formation 
42 

resist pattern for optical fiber mounting part 
44 

mask for core formation 
46 

resist pattern for core formation 
48 

optical fiber 
50 

core of optica! fiber (optical fiber core ) 
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52 
54 
56 

*7T-f 

58 

60 
62 

Drawings 
[01] 



52 

cladding layer of optical fiber 
54 

sheath of optical fiber 
56 

optical fiber mounting part 
58 

It has exposed, it shows 
60 

etching it has done, it shows 
62 

mask for optical fiber mounting part 
[Figure 1] 
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[02] [Figure 2] 
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[S3] [Figure 3] 
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[Figure 4] 
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[H7] [Figure 7] 
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[05] [Figures] 
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[Figure 6] 



Page 44 Paterra Instant MT Machine Translation 



JP1999326665A 



1999-11-26 




(B) U I JlCu (f) 

3 llllh' 




46 (G) 



(D) | | ) j |^ 5 s (H) 



a — a Kfrifij 
33 I Uv* h 



46: ?7&imwx 



[D8] 



[Figure 8] 
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[g|9] [Figure 9] 
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[g]10] [Figure 10] 
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